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The bronchial epithelium is the major barrier between the host and the provoking antigens in bronchial
asthma. Recent studies have indicated that the epithelium is a truly stratified structure, with the superficial
columnar cells depending on the underlying basal cells for anchorage. Only columnar cells are shed into
bronchial lavage fluid. The epithelium is more fragile in asthma and more cells are lost in clusters. Desmo-
somes appear to be the major structural adhesion mechanism at the plane of cleavage between the colum-
nar cells and the basal cells. The as- and 134-integrins, which contribute to hemidesmosomes and anchor
cells to the underlying basement membrane, are expressed solely by basal cells. The apical aspects of
the columnar cells are sealed by tight and intermediate junctions. There is constitutive expression of ICAM-1
and E-selectin in the vasculature of the bronchial mucosa, and ICAM is also present within the epithelium.
These findings indicate that the bronchial epithelium is a complex structure that, as a mucosal surface,
has constitutive expression of inflammatory cell adhesion molecules to serve normal leukocyte traffic. Roche
WR, Montefort S, Baker J, Holgate ST. Cell adhesion molecules and the bronchial epithelium. Am
Rev Respir Dis 1993; 148(Suppl:S79-82).
The bronchial epithelium is a major interface between the host
and its environment. The epithelium is exposed to both viruses
and inhaled allergens, and it appears to be the focus of the in-
flammatory response that is characteristic of allergic asthma (1).
The adhesion molecules in the bronchial epithelium may be
divided into two groups, those whose primary function is main-
taining the integrity of the epithelium and its contact with the un-
derlying basement membrane, and those involved in leukocyte
adhesion and migration (2).
The cell adhesion mechanisms in the bronchial epithelium de-
serve study for a number of reasons: the characteristic loss of
bronchial epithelial cell integrity that is associated with bronchial
asthma (3), the infiltration of the epithelium by mast cells, T-Iymph-
ocytes, and eosinophils in allergic asthma (4, 5), the potential phys-
iologic consequences of epithelial cell loss such as the loss of
modulation of smooth muscle function (6), and the immunologic
consequences of increased epithelial permeability to allergen and
cytokine production by the epithelium (7).
We have analyzed the cell adhesion mechanisms in bronchial
asthma by two complementary approaches, the structural analy-
sis of the epithelial defect in bronchial asthma and the immuno-
histochemical demonstration of the cell adhesion molecules within
the epithelium (8).The aim of these studies was to define the mech-
anism whereby the epithelial defect characteristic of bronchial
asthma is produced.
THE STRUCTURE OFTHE BRONCHIAL EPITHELIUM
The bronchial epithelium has been regarded as a pseudostrati-
fied epithelium consisting of basal cells and superficial columnar
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cells that are either ciliated or secretory (9). Studies of the com-
parative microanatomy of the bronchial epithelium have ques-
tioned this model and have provided an alternative structure in
which the basal cells function as sustentacular cells, the colum-
nar cells are supported solely by the basal cells and do not them-
selves make significant contact with the basement membrane (10).
We have applied this model to the study of epithelial shedding
in bronchial asthma. Examination of bronchial washings showed
that asthmatics shed fourfold as many epithelial cells as do nor-
mal SUbjects when the bronchial epithelium is exposed to a 50-
ml warm saline wash (11). More epithelial cells were shed in co-
hesive clusters in the asthmatic population (figure 1), and these
clusters also tended to be larger (12). Electron microscopy revealed
that the clusters were entirely composed of columnar cells, con-
firming the appearance in bronchial biopsy (13)and autopsy ma-
terial (14) in which the basal cells are retained on the epithelial
basement membrane.
Electron microscopy of the bronchial epithelium has shown eo-
sinophilleukocytes and their granules present within the widened
intercellular spaces between the basal cells and superficial colum-
nar cells in the bronchial epithelium (11, 13). The development
of this plane of cleavage in asthma is in keeping with findings ob-
tained by exposing guinea pig respiratory epithelium to eosinophil
major basic protein which has been shown to induce detachment
of the columnar cells from the basal cell layer at lower concentra-
tions than those required to induce detachment of the basal cells
from their basement membrane (15). Similarly, the epithelial cell
damage associated with viral infections such as influenza also
involves selective loss of the superficial epithelium (16), and ex-
perimental smoke exposure causes superficial desquamation of
tracheal epithelium (17). We have not detected any increase in
cells rendered permeable to the membrane permeability marker
tannic acid, in biopsies from asthmatic subjects, suggesting that
the epithelial cell shedding is due to selective disruption of adhe-
sive mechanisms, rather than to lethal cytotoxic attack on the ep-
ithelial cells (18).
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The monoclonal antibody ZQ-1 demonstrated the tight junc-
tions at the lateral apices of the epithelial cells, whereas the im-
munoreactivity for the cadherin uvomorulin extended inferiorly
along the lateral cell membranes (figure 3), in keeping with its
distribution in intermediate junctions (24).
INDUCIBLE CELL ADHESION MOLECULES
We have also examined the expression of the immunoglobulin
super family molecules, intercellular adhesion molecule-1
(ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), and E-se-
lectin (endothelial-leukocyte adhesion molecule-1, ELAM-1) (25).
These molecules, which may be upregulated by inflammatory
mediators, are important in the recruitment of inflammatory cells
in the vasculature, and they may have an important role in the
mucosal inflammation and airway responses in asthma (26). We
examined the expression of ICAM-1 and ELAM-1 in normal sub-
jects and symptomatic asthmatics, six of whom were reexamined
6 wk after treatment with inhaled corticosteroid (25). We found
that with the use of frozen sections, we detected ICAM-1 in both
the epithelium and the vasculature in normal subjects, asthmatics,
and asthmatics who had received sufficient inhaled steroid to re-
duce the inflammatory cell infiltrate in their bronchi. Similarly, there
was ELAM-1 expression in the vasculature of both normal and
asthmatic SUbjects, and this appeared to be unaffected by corti-
costeroid administration.
These results with the inducible cell adhesion molecules serve
to remind us that the bronchial mucosa has a normal turnover
of leukocytes as part of the host defense, that the recruitment of
cells into the mucosa is a complex process, and that there may
be critical steps that can be modulated by therapy other than those
involving cell adhesion (27). We have, however, preliminary data
to indicate that local allergen challenge does upregulate the ex-
pression of the bronchial mucosa, although we have yet to see
significant changes in the expression of VCAM-1.
CONCLUSIONS
These descriptive studies of cell adhesion molecule expression
in the bronchial epithelium have indicated areas that require fur-
ther investigation. First, the molecular basis for the potential de-
fect in columnar cell-basal cell adhesion in the bronchial epithe-
lium and the specific mechanisms of attack upon this require to
be identified. These may well be targets for therapeutic manipu-
lation in the future. Second, we need more sophisticated models
for cell recruitment into the epithelium than are currently avail-
able based on immunohistochemical demonstration of cell adhe-
sion molecules. Although modeling of the stratified bronchial ep-
ithelium in culture will undoubtedly prove to be more difficult than
leukocyte-endothelial cell adhesion, the dynamics of leukocyte
infiltration of the endothelium, including the secretion of local
chemotactic factors, require to be investigated if we are to under-
stand the rnodulatlon of allergic inflammation.
Figure 3. Immunofluorescent localization of cell adhesion molecules in
the human bronchus. A. Desmosomal proteins 1 and 2 showing a con-
centration of desmosomes at the junction between columnar and basal
cells. B.Monoclonal antibody Z0-1 demonstrating tight junctions between
columnar cells. C. E-cadherin showing intercellular distribution, particu-
larly at the apical aspects of the lateral junctions of columnar cells. D.
ae-integrin showing distribution at the junction of basal cells with the bron-
chial basement membrane, consistent with the distribution of hemides-
mosomes (x 450).
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